Evaluating teachers' professional development initiatives (PDI) is one of the main challenges for the teacher professionalisation field. Although different studies have focused on the effectiveness of PDI, the obtained effects and evaluative methods have been found to be widely divergent. By means of a narrative review, this study provides an extended framework to guide the evaluation of (the effectiveness of ) PDI. Furthermore, and in accordance with this framework, an overview of measurement instruments that are currently in use is provided. The study concludes with implications for educational research and developers of PDI.
Introduction
Teachers play a crucial role in teaching and learning. However, they face the challenge to keep abreast with the rapidly growing knowledge base in education (Borko 2004; Desimone 2009; Guskey 2000) . As such, the need for their professional development (PD) throughout their school career is frequently stressed in educational improvement plans, empirical research studies and meta-analyses (e.g. Guskey 2003; Hattie 2009 ). To address teachers' PD needs, various professional development initiatives (PDI) have already been developed. However, the evaluation of these PDI and their achieved effects has been found to be widely divergent. Therefore, and not surprisingly, the National Research Council of the US (2010) considers mapping the effectiveness of professional developments as one of the main challenges for the educational research field. Still, until now, little clarity exists on how to evaluate professional development (King 2014) . More particularly, questions arise as to which outcomes are appropriate measures of 'qualitative' teaching and the possible benefits of this teaching for student learning (Guskey 2000 (Guskey , 2014 . Furthermore, how these outcomes can be evaluated and measured in a focused and systematic way is also questioned (Guskey 2000; Muijs and Lindsay 2008) . Although previous research has mapped the possible effects of PD (e.g. Desimone 2009; Van Veen, Zwart, and Meirink 2012) and evaluation models of PD have been developed (e.g. Guskey 2000; Muijs and Lindsay 2008) , research on these topics is fragmented and an integrated view on PD evaluation is still missing. Consequently, researchers appeal for an extended framework to make thoughtful and informed decisions about the evaluation of high-quality PDI (Borko 2004; Desimone 2009; Guskey 2000; King 2014 ). The current study aims to answer this call by interweaving research on PD outcomes on the one hand, and PD evaluation models on the other, resulting in an extended evaluative framework that can be used in research and practice.
Evaluating PDI

Definition of PDI
Professional development can entail a variety and multiplicity of initiatives (e.g. workshops, seminars, conferences, summer institutes, action research and so on) (Desimone 2009 ), leading to various definitions of PDI in the literature. These definitions reflect either narrow or more broad views on professional development and PDI (e.g. Avalos 2011; Borko 2004; OECD 2010; Schachter 2015; Timperley 2008) , which makes it essential to carefully delineate what PDI exactly entail. In this study, PDI are defined as 'activities explicitly designed for and provided to educators or certified educational professionals with a focus on enhancing their own and their students' knowledge, skills, and attitudes' (based on Guskey 2000; Tienken and Achilles 2003) . This definition reflects important components that PDI can affect, such as teachers' knowledge, skills and attitudes as well as students' learning. Furthermore, the definition explicitly stresses the thoughtful design of PDI with a systematic, intentional and ongoing effort (Guskey 2000) . By focusing on the explicit design of PDI, more informal learning activities in which teachers participate are not considered in this study. However, their value and their immixture with formal activities are truly acknowledged and described in the research literature (e.g. De Neve, Devos, and Tuytens 2015; Desimone 2009; Grosemans et al. 2015; Richter et al. 2011; Vanblaere and Devos 2016) .
Conceptual framework
Evaluating PDI is important for various (research) goals, such as gaining a better understanding of a PDI's dynamic nature, initiating positive change and improvement, better informing and guiding reform efforts and the increasing pressure for accountability (Guskey 2014) . In this respect, the evaluation of PDI serves different -mostly blended -purposes. More specifically, a PDI's evaluation can be applied for planning (i.e. the appraisal of a PDI's critical attributes), for formative evaluation (i.e. providing information during the PDI as to whether things go as planned and progress is made) or for summative evaluation (i.e. providing judgements on the programme's overall merit after PDI completion) (Guskey 2000 (Guskey , 2014 . A first important step in evaluating a PDI is determining which outcomes are aspired to and which outcomes can be expected after following a PDI. In this respect, several conceptual models have been proposed to map these outcomes (e.g. Desimone 2009; Guskey 2000; Wallace 2009 ). For example, Guskey and Sparks (as cited in Guskey 2000) proposed a model with two key components: the quality of the professional development and improved student outcomes. The relationships between these two components are mediated by administrator, teacher, parent and school characteristics. A more recent, frequently cited model is proposed by Desimone (2009) . According to her, professional development comprises the following steps: (1) teachers experience effective professional development, (2) the professional development increases teachers' knowledge and skills and/ or changes their attitudes and beliefs, (3) teachers use their new knowledge and skills, attitudes and beliefs to improve the content of their instruction or their approach to pedagogy, or both and (4) the instructional changes foster increased student learning. All these steps are embedded within a context comprising teacher and student characteristics, curriculum, school leadership and the policy environment (Desimone 2009 ). Parallels can be drawn between Guskey's (2000) and Desimone's (2009) models as they both acknowledge PD characteristics, qualitative teaching and student learning and context as important elements. However, the framework of Desimone (2009) has an important asset as it explicitly portrays interactive relationships between (a) features of professional development, (b) increased teacher knowledge and skills, and changes in their attitudes and beliefs, (c) change in instruction and (d) improved student learning (Figure 1 ). This means, for example, that a change in teachers' beliefs can lead to a change in practice or inversely. Other researchers have also applied or adapted Desimone's model (2009) in their research (e.g. Boston 2013; Kang, Cha, and Ha 2013; Van Veen, Zwart, and Meirink 2012) . Figure 1 illustrates that the outcomes of PDI are not straightforward since there is a complex and dynamic interplay between different components. Within this dynamic interplay, it is important to consider three different relationships when evaluating PDI (Desimone 2009; Van Veen, Zwart, and Meirink 2012; Wayne et al. 2008) . First, it is important to consider the links between the professional development initiative's features and changes in teacher knowledge, skills, attitudes and/or instruction. A second important set of relationships refers to those between the features of PDI, changes in teacher knowledge, skills, attitudes, instruction and changes in student outcomes. Third, contextual factors and personal characteristics are also important to consider when implementing and sustaining successful PDI (Desimone 2009; Van Veen, Zwart, and Meirink 2012) . This general model (Figure 1 ) might offer guidance to evaluators of PDI and will serve as a starting point in this study. More particularly, each component in this general framework will be extended.
Evaluation models
As described in the previous section, researchers have already focused on possible outcomes of a PDI and the relationship between these outcomes. Others have focused on how these outcomes should be evaluated and they describe in more general terms sequences or ways to undertake this PDI evaluation. In this respect, specific evaluation models have been developed in the literature (e.g. Guskey 2000 Guskey , 2014 Hammond 1973; King 2014; Muijs and Lindsay 2008; Stake 1967) . Those models generally have in common that they draw attention to evaluating particular factors before, during and after the PDI, as well as taking into account contextual factors that might possibly influence a PDI's effectiveness. The most frequently cited evaluation model is Guskey's (2000 Guskey's ( , 2014 adoption of Kirkpatrick's model (1994) for evaluating training programmes. He describes five hierarchically arranged professional learning 'evaluation stages': (1) participants' reactions, (2) participants' learning, (3) organisational support and change, (4) participants' use of new knowledge and skills and (5) student learning outcomes (Table 1) . Evaluation at all levels is important and for every level Guskey (2000) describes questions to be addressed, how information can be gathered, which outcomes are assessed and measured and What was the impact on students? did it influence students' physical or emotional well-being? are students more confident as learners? is student attendance improving?
how information can be used. When progressing through these five stages, Guskey (2000) states that data gathering requires more time and resources. Despite the importance of focusing on these five different stages in the evaluation of professional development, researchers caution for the inadequate and ineffective evaluation of professional development which might be too shallow (e.g. are participants enjoying the experience?) or too brief (e.g. gathering quick and ample evidence) (Guskey 2000; Muijs and Lindsay 2008) . Although a positive trend is shown from these low-level evaluations (e.g. smallscale investigations) to more high-level evaluations (e.g. comparison of programme features; using objective measures) (Hill, Beisiegel, and Jacob 2013) , the extent to which all stages are considered in the evaluation of PDI remains unclear.
In sum, the evaluation of PDI serves different purposes associated with planning PDI and its formative and summative evaluation. Previous studies illustrate the importance of undertaking this evaluation in a focused and systematic way (Guskey 2000; Muijs and Lindsay 2008) . In a focused way, the conceptual model proposed above (see Figure 1) portrays the complex and dynamic interplay between different PDI outcomes and, in this respect, sheds a light on what can be evaluated in PDI. In a systematic way, evaluation can be undertaken by following different evaluation stages showing us how we can evaluate PDI. However, two main challenges arise when considering these aspect in the current research literature, namely: (1) the lack of a more detailed and fine-grained framework of possible PDI outcomes to conduct PDI evaluation in a focused way and (2) information on how to evaluate these different PDI outcomes in a systematic way using various measurement instruments. These are described in the next section.
Conceptual and methodological challenges in evaluating PDI
A first conceptual challenge lies in what to evaluate when considering the effectiveness of a professional development initiative. A second methodological challenge concerns how to undertake this evaluation in a systematic way.
First, mapping the effects of a PDI is an important though complex and challenging endeavour. This endeavour is described by the National Research Council of the US (2010) as a major challenge for educational researchers. The model described in Figure 1 represents a starting point for addressing this challenge as it portrays various components and relationships to consider in evaluating a PDI's effectiveness. However, the components included in the model are described rather vaguely. Because of this, it remains unclear which particular effects can actually be expected within each of these components when teachers participate in PDI. Furthermore, little information is available on whether impact studies already consider different components in the model when evaluating PDI. Desimone (2009) acknowledges this restriction by stating that important elements might not yet be included in her model due to the lack of impact research. Therefore, a more detailed and fine-grained investigation of possible PDI outcomes is warranted, implying an extension to the model of Desimone as presented in Figure 1 . In this way, a more differentiated view on possible outcomes that are important in the evaluation of PDI is provided.
A second methodological challenge relates to how these outcomes are evaluated and/or measured. This is important, as the evaluation of high-quality PDI requires different types of inquiries and a consistent set of research instruments (Borko 2004; Desimone 2009 ). Although Desimone (2009) suggests applying her model for evaluation, few direct guidelines are provided. Guskey (2000 Guskey ( , 2014 does provide these guidelines by proposing a sequential evaluation at multiple levels. As can be noticed, parallels can be drawn between his evaluation stages (Table 1 ) and Desimone's (2009) framework (Figure 1 ). More particularly, Guskey's first two levels (participants' reactions and learning) resemble the second component in Desimone's framework 'teacher quality' , the third level (organisational support and change) aligns with 'school organisational conditions' , level 4 (participants' use of new knowledge and skills) fits within the third component 'changing teacher behaviour' and level 5 (student learning outcomes) focuses on 'improvement of student results' . However, some dissimilarity is shown between Guskey's evaluation stages and more recent insights on the effectiveness of PDI. For instance, an important element lacking in Guskey's five-stage evaluation model is the evaluation of a PDI's effective features. These are crucial considerations, as different results can be expected from different PDI, taking into account whether the PDI meets all, some or none of these effective features. Furthermore, Guskey represents the evaluation of PDI as linear, hierarchical stages, which contrasts with the complex interplay of possible PDI outcomes (Earley and Porritt 2014) . This study aims to merge current insights on important outcomes in PDI and research on the systematic evaluation of PDI.
In sum, this study specifically focuses on a conceptual and methodological research aim:
(1) Conceptually, this study aims to establish an extended framework for the evaluation of PDI, representing major categories of PDI outcomes that should be taken into account when evaluating a PDI's effectiveness. (2) Methodologically, this study aims to provide a consistent set of methods and instruments to evaluate the components integrated into the evaluative PDI framework (i.e. how can these effects be evaluated?) and guidelines on how to undertake this evaluative endeavour in a focused and systematic way.
Method
To answer the research aims, a systematic narrative synthesis was undertaken, referring to 'an approach to the systematic review and synthesis of findings from multiple studies that relies primarily on the use of words and text to summarise and explain the findings of the synthesis' (Popay et al. 2006, 5) . This method, also applied in previous research (e.g. Baeten and Simons 2014; Dochy, Segers, and Buehl 1999) , leads to conclusions which are drawn into a comprehensive en coherent interpretation contributed by the researchers' experience and existing theories (Kirkevold 1997; Popay et al. 2006) .
Search procedure and inclusion criteria
A systematic literature search was conducted for the years 2000-2015 in international databases (i.e. ISI Web of Knowledge, SSCI, EBSCO/ERIC, ICO-journals and Google Scholar) and specialist libraries (i.e. OECD and Eurydice) following a three-step method (Dochy, Segers, and Buehl 1999) . In a first search, the following search terms were used: 'teacher professional development' , 'teacher learning' , 'evaluating professional development' , 'evaluation model' , 'assessing professional development' , 'effects of professional development' and 'effectiveness of professional development' . In a second search, these general terms were combined with more detailed keywords referring to specific PDI (e.g. 'workshop' , 'conference' , 'action research' , 'teacher induction programmes' and so on) or studied variables (e.g. 'teacher motivation' and/or 'quality of trainer'). Third, relevant references in previously selected articles were screened. The following quality criteria were used for inclusion in the analysis:
(1) Empirical peer-reviewed work, published in a journal, dissertation or report commissioned by a governmental institute or agency. (2) A clear description of the professional development initiative under investigation to verify its concordance with our previously described definition of PDI as 'activities explicitly designed for and provided to educators or certified educational professionals with a focus on enhancing their own and their students' knowledge, skills, and attitudes' (based on The initial search yielded 79 manuscripts. After matching these studies to the inclusion criteria mentioned above, 68% or 54 manuscripts in total were included in the analysis (see Appendix).
Coding procedure and synthesis
Information on all selected studies was collected in tables and coded according to the following aspects: authors, year published, country, publication type (i.e. general effect study considering several PDI, specific effect study considering a particular PDI and/or meta-analysis), level of education (i.e. primary or secondary), participants (type and/or number), subject domain, design, specific PDI, effect measures, effect measures situated in Desimone's model (2009) , measurement instruments, inclusion of measurement instruments in the appendix, data analysis, main research questions and conclusions. To condense these extensive tables, only information directly relevant to postulated research questions is included in the appendix, that is information on the studied PDI outcomes, the applied measurement instruments and whether or not the measurement instruments are included in the appendix of the study.
Results
A first aim of this study was to extend Desimone's model (2009) by positioning important PDI aspects and outcomes within an extended evaluative framework. Next, in response to our second research aim, an overview is provided of a consistent set of measurement methods and instruments to undertake the evaluation of PDI in a focused systematic way.
Extended evaluative framework
In what follows, each of the components in Desimone's framework will be successively elaborated in greater detail. More specifically, for each of the components, subcategories are specified that are empirically found to be important in the evaluation of PDI. In what follows, our extended evaluative framework is presented.
Key features of professional development
Various studies meeting our quality criteria (see 10-12) have focused on identifying key features of successful PDI, the first component in Desimone's (2009) framework. When overviewing research in this area, eight main features are repeatedly proven to be effective and are consistently noted in research (Desimone 2009; Hammerness et al. 2005; Kang, Cha, and Ha 2013; Kedzior 2004; Postholm 2012; Timperley et al. 2007; Van Veen, Zwart, and Meirink 2012; Wayne et al. 2008 ). Additionally, a ninth important feature was identified in more recent impact studies (Borko 2004; Cheng and So 2012; Morrison 2014; Van den Bergh, Ros, and Beijaard 2015; Walker et al. 2012) . These nine features can be subdivided into core and structural features (Desimone 2009; Garet et al. 2001) . Whereas core features refer to the substance of the PDI, structural features refer to characteristics of the activities' structure or design. In 31% of the studies included in our review, one or more of these effective intervention features are explicitly addressed or evaluated when considering the effectiveness of a particular professional development initiative.
Core features
(1) Content focus: focus on student learning and informed by evidence on student learning; (2) Pedagogical knowledge: focus on enhancing the knowledge and skills to teach in these content areas, which also means considering students' prior knowledge; (3) Coherent and evidence-based: experiences in the PDI should be aligned with teachers' goals, standards and current reforms, and informed by theory and meaningful research evidence;
(4) Ownership: responding to teachers' self-identified needs and interests. PDI are more meaningful to teachers when they exercise ownership of its content and process;
Structural features (5) Duration: extended and intensive programmes. Although no exact tipping point exists, research supports activities that are spread out (e.g. courses with a follow-up during a semester), including 20 h of contact time or more (Desimone 2009 ); (6) Collective or collaborative participation: through collaboration with internal and external peers (e.g. observing each other's practices and giving feedback); (7) School or site based: incorporated into teachers' daily work; (8) Active learning: inquiry-based through continuous inquiry of practice and reflection on professional and academic knowledge. Less resistance to professionalisation is experienced by teachers when they are co-creators, rather than consumers of knowledge; (9) Trainer quality: in addition to the eight features mentioned above, several recent studies highlight an additional ninth important feature of PDI, that is the quality of the trainer (Borko 2004; Cheng and So 2012; Morrison 2014; Van den Bergh, Ros, and Beijaard 2015; Walker et al. 2012) . The trainer can be regarded as the 'facilitator' , guiding teachers as they construct new knowledge and practices (Borko 2004) . In this respect, both the trainers' (content) knowledge and skills (e.g. supporting self-regulation; providing qualitative feedback) seem to be important. For example, concerning the trainers' content knowledge, Morrison (2014) attributes the success of the studied intervention to the collaboration with scientists or engineers. These are content knowledge experts in their field, providing teachers with better understandings. Van den Bergh, Ros, and Beijaard (2015) underline the importance of trainers' skills that can play a crucial role in a PDI' effectiveness. In their case study, the trainer's feedback played an important role in compensating primary school teachers' lack of self-regulation. They state that trainers should be able to give tailored feedback to each individual teacher, addressing their concerns, practices and learning characteristics. Other researchers also point to the importance of receiving specific, constructive (one-on-one) feedback provided by the trainer (Cheng and So 2012; Morrison 2014) . Walker et al. (2012) point to considering the skill of workshop leaders in professional development. Thus, the trainers' quality seems to be an additional important aspect in studying the initial features of a PDI.
Increased quality
In the previous section, effective intervention features were unravelled which are important to consider in PDI evaluation. A second component to be unravelled includes changes in teacher quality, which is considered as a PDI outcome in 57% of the studies included in our analysis based on the applied quality criteria (see 10-12). Desimone (2009) breaks down teacher quality into knowledge, skills and attitudes, which resembles Guskey's (2000) distinction between cognitive, psychomotor and affective goals of participants' learning. In what follows, we investigate whether these main categories are reflected in the outcome measures of the selected studies and whether these categories can be further extended.
Cognitive goals are related to teachers' content and pedagogical knowledge. In this respect, Shulman's (1986) distinction between teachers' (subject matter) content knowledge, pedagogical content knowledge and curricular knowledge is frequently referred to. First, subject matter content knowledge refers to the amount and organisation of knowledge in the teachers' mind. Several authors have found positive effects of a PDI on teachers' content knowledge, for instance, in science (e.g. Buczynski and Hansen 2010) , language (e.g. Goldschmidt and Phelps 2010), mathematics (e.g. Garet et al. 2001) or citizenship education (Willemse et al. 2015) . Second, pedagogical content knowledge (PCK) includes a teachers' armamentarium of instructional strategies, understanding of what makes learning easy or difficult and how students develop insights in specific subject matter (Shulman, 1986 ; Van Driel and Berry 2012).
Some authors additionally separate PCK into 'knowledge of teaching' and 'knowledge of students' (Levenson and Gal 2013; Loewenberg Ball, Thames, and Phelps 2008) . For instance, teachers' awareness of special need students might fall into this last subcategory. In this respect, Levenson and Gal (2013) found a positive intervention effect on a teacher's awareness of the cognitive and affective needs of mathematically talented students. The study of Cheng and So (2012) might fit into the 'knowledge of teaching' subcategory as they found a positive relationship between the PDI and increasing teachers' PCK in inquiry learning. Some authors also distinguish 'technological pedagogical content knowledge' as a distinct category when PCK is technology related (Abuhmaid 2011; Mishra and Koehler 2006; Niess 2005) . Third, curricular knowledge refers to knowledge of curricular programmes and instructional materials designed for teaching particular subjects (Shulman 1986 ). However, this knowledge was not found to be investigated in our selected impact studies.
Skills relate to what participants are able to do with what they have learnt during PDI (Guskey 2000) . Within the component of 'teacher quality' , these skills have to be explicitly distinguished from teachers' actual classroom behaviour. In most instances, teachers are asked to estimate their skill level, or their ability to implement specific strategies is tested in simulations (Guskey 2000) . Very few studies in our review evaluate teachers' skills as part of teachers' quality. An exception was found in Vogt and Rogalla's (2009) study. They assessed teachers' adaptive planning competency (i.e. ability to adjust lesson planning to diverse student needs), and found positive effects of a PDI on teachers' competency. These authors used vignettes to assess teachers' skills without observing this specific competency in an actual classroom setting. Also micro-teaching could be regarded as a particular PDI whereby a simulation is used to assess teachers' skill level.
As to the affective goals, research investigating 'teachers' attitudes or beliefs about teaching and learning' and 'beliefs about themselves' as a PDI outcome measures can be discerned. Concerning beliefs about learning and teaching, for instance, De Vries, van de Grift, and Jansen (2014) distinguished three distinct belief profiles among Dutch secondary school teachers (i.e. student oriented, subject matter oriented and combined subject matter and student oriented). More specifically, the more student and subject matter oriented teachers are, the higher their participation in continuous professional development. Other studies report positive changes in beliefs on learning (Bakkenes, Vermunt, and Wubbels 2010; James and McCormick 2009) , inquiry-based practices (McCutchen et al. 2002) or recognising the potential of using mobile phones in teaching (Ekanayake and Wishart 2014) after a PDI. When it comes to teachers' beliefs about themselves, Morrison (2014) found an increase in elementary school teachers' self-efficacy to implement science inquiry in their classroom. In this respect, Levenson and Gal (2013) underline that 'a change in classroom practice may not take place without the teacher believing that he or she is capable of affecting this change' (Levenson and Gal 2013, 1109) . Fishman et al. (2003) underline the immixture of teachers' knowledge and beliefs.
Change in instruction
In 74% of the studies included in our analysis, changes in teacher instruction after a professional development initiative are investigated, which is the third component in Desimone's model. Generally, two broad categories of outcome measures emerged from our analysis to be classified as either 'changes in instructional strategies or practices' or in 'changes in interaction patterns' (between teachers and students, among teachers and among students). In what follows, each subcategory is illustrated with some specific study results. For instance, for instructional strategies and practices, researchers found that a PDI focusing on specific instructional practices (i.e. use of technology, higher order instructional methods and alternative assessment practices (Desimone et al. 2002) ; use of sociocultural instructional practices (Teemant, Wink, and Tyra 2011) led to an increased use of those practices in the classroom. Garet and colleagues found a positive effect of their PDI on teachers' use of research-based instructional practices ). Bakkenes and colleagues found six categories of change in instruction, that is experimenting, considering own practice, experiencing friction, struggling not to revert to old ways, getting ideas from others and avoiding learning after following a national innovation programme (Bakkenes, Vermunt, and Wubbels 2010). Others have focused on investigating changes in interaction patterns. For instance, Butler et al. (2004) report the positive influence of a PDI on teachers' ability to match instruction to student needs. Kiemer et al. (2015) found positive effects of a video-based teacher professional development initiative focusing on providing constructive feedback on teacherstudent interactions. Voerman et al. (2015) found positive effects of their multicomponent PDI on teachers' learning-enhancing feedback behaviour. Also Consuegra (2015) studied the effects of a PDI on teacher-student interaction but did not find significant changes in the PDI focusing on teachers' feedback patterns to boys and girls. Chamberlin (2005) , on the other hand, focused on interaction patterns among teachers, finding a positive relationship of the PDI on these interaction patterns when synthesising students' solution strategies. When considering the interaction patterns among students, the study of Mikami et al. (2011) reports on more positive classroom peer interactions as a results of a teacher PDI.
Improved student learning
Less than half of our selected articles (40%) address improvements of student results as an outcome measure of a professional development initiative, the fourth component in Desimone's conceptual framework (2009) . In almost all studies, student learning outcomes are considered as outcome measures of PD alongside other areas of improvement related to teacher knowledge of teachers' change in instruction. As to student learning outcomes, a distinction can be made between domain-specific and domain-general outcomes. On the one hand, studies have found positive effects of teachers' professional development on increasing students' language and literacy achievement McCutchen et al. 2002; Wasik and Hindman 2011) , science achievement (Morge, Toczek, and Chakroun 2010) or mathematics achievement (Antoniou and Kyriakides 2013; Saxe, Gearhart, and Nasir 2001) . These studies all include measures of students' domain-specific, subject-related knowledge and skills. On the other hand, other researchers focused on stimulating more domain-general skills, such as students' social-emotional development (Bierman et al. 2008) , and self-regulated learning (e.g. students' higher order learning and use of cognitive elaboration strategies ).
School context and personal characteristics
In 9% of the articles, the role of contextual factors in PDI is explicitly referred to. To unravel this component, we refer to Avalos' (2011) distinction between macro-societal conditions and the micro-context (school culture). Most studies in the analysis document the role of the micro-context or school culture (i.e. administrative and organisational structures; atmosphere). Ingvarson, Meiers, and Beavis (2005) point to the importance of the professional community as a mediating variable in enhancing teachers' knowledge and practice. Buczynski and Hansen (2010) found that a lack of resources (e.g. lack of science kits for teaching; technology) formed a barrier for teacher's participation in PDI. Additionally, important micro-contextual factors were the coordination of a PDI across school personnel (Butler et al. 2004) , school management practices (James and McCormick 2009) and the principal's attitude towards the PDI (Liu 2013) . Postholm (2012) highlights that the teachers' PDI may be influenced by a positive school culture with a good atmosphere. A school's socio-economic status (as measured by free or reduced school lunches) also seems to relate to teachers' PDI. In this respect, Supovitz and Turner (2000) found that the school's socio-economic status related to changes in practice more than the principal's supportiveness. Opfer and Pedder (2011) found that teachers in high achieving schools engaged in more active, collaborative activities of longer duration. Under macro-conditions, Avalos includes 'the nature and operation of educational systems, policy environments and reforms, teacher working conditions and history facts that determine what is accepted or not as suitable forms of professional development' (Avalos 2011, 12) . In this respect, Abuhmaid (2011) describes PDI in Jordan, where a lack of national ICT standards led to a fragmentation of PDI. It is highlighted in the literature that other macro-conditions might also play a role in the PDI of teachers, such as whether following PDI is part of a teachers' professional duty (OECD 2010) or whether PDI are top-down directed from the educational government which might hinder teachers' enthusiasm (King 2014; Nir and Bogler 2008) .
In addition to contextual factors, teacher and student characteristics can also affect a PDI's effectiveness. In respect of teacher characteristics, the OECD (2010) identified gender, age and teachers' qualification level as factors related to teachers' participation in PDI. That is, male teachers, teachers with lower qualification levels and the youngest and oldest teachers show lower participation rates in PDI (OECD 2010). The OECD (2010) underlines that the variability in teaching quality is only explained to a limited degree by characteristics such as formal education, teachers' personality and experience. In the study of Wasik and Hindman (2011) (preschool) teachers' formal education and experience did not play an important role in their practices or in student outcomes. Saka (2013) investigated the effects of demographic factors (i.e. gender, grade level and age) on teachers' participation in particular PDI. Significant differences were only found in respect to gender, as female teachers were more highly represented in a particular PDI. In addition to teachers' characteristics, Pehmer, Gröschner, and Seidel (2015) point to the importance of considering students' different preconditions in evaluating the effectiveness of PDI. In their research, the effects of the video-based PDI varied according to students' domain-specific self-concept. However, only very few studies (4%) investigate these specific teacher and student characteristics in relationship with the overall effects of the studied PDI.
Extended evaluative framework
The first research aim of this study focused on constructing an extended framework for the evaluation of the outcomes of a professional development initiative. As a result of a theoretical exploration and an in-depth analysis of the investigated outcome measures in our selected studies meeting our quality criteria (see method section), each of the components in Desimone's model (2009) could be further unravelled. This extended framework is presented in Figure 2 .
The extended evaluative framework (Figure 2 ) presents more detailed information on elements that have to be taken into account when organising PDI and possible outcomes that can be aspired to and assessed after participation in a specific PDI. The appendix provides more detailed information on the outcome measures for each study included in the review.
Methods and measurement instruments
The extended evaluative model has been used to meet our second research aim, namely providing a consistent set of methods and measures to evaluate a PDI's effectiveness. The following sections provide a mainly descriptive overview of these currently used methods and measurement instruments to evaluate each (sub)component within the extended professional development framework. These are summarised in Figure 3 . After this overview, we point additional attention to an evaluation of the advantages and disadvantages of the enumerated measures (see 'Overview of measurement instruments according to the evaluation framework' and Table 2 ). Further, some important preconditions in using these measures are mentioned.
Key features of PDI
Our analysis points to the importance of considering the evaluation of a professional development initiative's key features before, during and after the implementation of the PDI. Before the PDI, Hill et al. (2013) propose that more rigorous comparisons of PDI features should be executed at the initial stage of professional development. In our analysis, we found studies considering effective PDI features in the theoretical or method section of their manuscript. Here, the characteristics of the implemented initiative are mirrored to empirically investigate effective PDI characteristics. For instance, researchers stress the incorporation of a content and long-term focus (Morrison 2014) , active participation (Van den Bergh, Ros, and Beijaard 2015) and follow-up activities (Walker et al. 2012) in their professional development initiative to underpin its quality. During the professional development initiative, fidelity to the PDI features can be assessed, that is the degree to which the PDI is delivered as intended (Ermeling 2010; Garet et al. 2008) . In this respect, observers in the study of Garet et al. (2008) completed close-ended fidelity forms during institutes and seminars to assure fidelity to the PDI. Wasik and Hindman (2011) assess fidelity by completing checklists during teacher observations. They found a link between variation in fidelity and child outcomes, illuminating which particular aspects of the PDI were linked to children's gains (e.g. explicit instruction in PCK; immediate individualised feedback). Doppelt et al. (2009) coded workshops by means of video analysis to verify whether workshops were provided productively (e.g. presence of PCK; teacher reflections).
The features of PDI can also be considered afterwards. A minority of the studies, those mostly applying a quasi-experimental design, explicitly focus on a comparison of features after an intervention to design future PDI. For instance, Zhang et al. (2011) compare three types of videos (i.e. published, teacher' own and colleagues' videos) in a teacher's PDI to describe each type of affordances and challenges. Kiemer et al. (2015) found more positive effects of a video-based PDI compared to a traditional PDI to promote classroom discourse. Their video-based PDI seemed to promote a stronger learner community (cf. collaboration) and examples from their own practice (cf. ownership). Others query specific PDI features in survey research. For instance, Buczynski and Hansen (2010) focused on core features of the PDI (e.g. satisfaction with content delivery, instructional strategies and/or future PDI needs). Ingvarson, Meiers, and Beavis (2005) evaluated more structural features of the PDI (e.g. contact hour, time span, sufficient time, collective and/or participation) with self-developed instruments. To conclude, effective PDI features can be evaluated before, during or after a PDI, and have mostly been assessed by means of a theoretical consideration, checklists, fidelity protocols or surveys.
Increased teacher quality
In the selected studies, teacher quality has been assessed in a variety of ways. As to teachers' cognitive goals, researchers have mostly applied self-developed tests or questionnaires (e.g. Buczynski and Hansen 2010; Fishman et al. 2003; Goldschmidt and Phelps 2010; McCutchen et al. 2002) measuring teachers' pedagogical (content) knowledge. Here, mostly pre-and post-tests are used to map teachers' (knowledge) gains scores. Some researchers used interviews (e.g. to measure conceptual understandings concerning self-regulated learning (Butler et al. 2004) or citizenship education (Willemse et al. 2015) ). To assess teachers' improved skills, video tests and vignettes were mainly used wherein classroom situations are shown or simulated. Vogt and Rogalla (2009) used video tests wherein teachers had to instantly decide to stop a video when perceiving non-adaptive situations, express their perceptions and suggest a more adaptive alternative to the teachers' action. Dedousis- Wallace et al. (2014) used vignettes, wherein teachers where provided with different bullying scenarios to measure teachers' self-predicted responses to these situation. As to teachers' affective goals (i.e. attitudes and beliefs), teachers' interviews (James and McCormick 2009), digital writing logs (Bakkenes, Vermunt, and Wubbels 2010) or surveys (Saka 2013 ) have been used. Classroom observations can also be used to assess general teacher quality. For instance, Domitrovich et al. (2009) applied the classroom assessment scoring system (CLASS), and observational measures that assess 10 dimensions of teaching quality, identified through a systematic literature review. In sum, teacher quality has mainly been evaluated by means of (knowledge) tests, questionnaires or interviews. Garet et al. (2008) provide information on how the development of a classroom observation protocol is conducted and how such a protocol can be constructed. Furthermore, the analysis of interviews (Butler et al. 2004) , digital writing logs (Bakkenes, Vermunt, and Wubbels 2010) , questionnaires or surveys (Garet et al. 2001; James and McCormick 2009) and documents (e.g. observation notes; learner materials (Chamberlin 2005) ) has been used to assess changes in instructional strategies or practices. To examine interaction patterns, Domitrovich et al. (2009) applied the teaching-style rating scale to identity different interaction patterns.
Change in instruction
Improved student learning
Considering students' increased performances, data can be gathered directly from students. In this respect, researchers have applied self-developed (Kiemer et al. 2015; Saxe, Gearhart, and Nasir 2001; Vogt and Rogalla 2009) or more standardised tests (Buczynski and Hansen 2010; McCutchen et al. 2002) . Fishman et al. (2003) , however, advise against relying too heavily on distal measures, such as standardised tests, as they do not reference directly to the implemented curriculum at that moment. Data on student learning can also be gathered indirectly by questioning teachers or parents on their perceived student learning by means of interviews or rating scales (Bierman et al. 2008; Butler et al. 2004 ). Wallace (2009) states that gains scores (i.e. students learning gains over an extended period of time) have been successfully employed in research as a barometer of growth, even though their use has been criticised because of the main influences besides teaching that can affect student scores. It is notable that the studies included in our review mostly apply product-oriented measures (i.e. gathered after task execution by means of tests) and very little process-oriented measures are used to evaluate students' learning processes during task execution (e.g. observations (Bierman et al. 2008) ).
School context and personal characteristics
Contextual factors, such as school context and personal teacher and student characteristics, have mainly been mapped by means of questionnaires. For example, Hofman and Dijkstra (2010) used a questionnaire to query teachers' motives for participating in PDI. James and McCormick (2009) questioned the dimension of school management practices (e.g. involving staff in decision-making; supporting professional development) with a questionnaire. Information on teachers' perceptions of principal support (Supovitz and Turner 2000) and students' gender and SES (Antoniou and Kyriakides 2013) was gathered by means of a questionnaire. Interviews can also be used to map contextual or school organisational conditions (e.g. coordination of the PD across school personnel (Butler et al. 2004) ). Here, information was requested from teachers directly or indirectly through the school principal. Figure 3 represents an overview of the main applied measurement instruments according to each component in the PD framework.
Overview of measurement instruments according to the evaluation framework
When overviewing and evaluating the selected articles on their applied measurement instruments, two general remarks can be made. First, some authors have explicitly addressed the advantages and disadvantages of the applied measurement instruments in their study (see Table 2 for an overview). We believe these (dis)advantages should be carefully considered when planning to evaluate the effectiveness of a professional development initiative. For instance, quantitative measures (e.g. questionnaires; surveys) are more cost-effective than intensive data gathering techniques (e.g. observations; interviews). Data gathering is straightforward and efficient in large samples. Furthermore, quantitative data gives evidence of associations (James and McCormick 2009) . However, the responses might be subject to bias. For instance, it is unclear whether teachers can adequately report on the school and curricular practice (Supovitz and Turner 2000) , and whether students correctly understand questions (Mikami et al. 2011) . Rather long questionnaires might be hastily completed, influencing the measures' reliability (Dedousis- Wallace et al. 2014) , and self-reports might not be a completely accurate reflection of the real practice. Vignettes might allow participants to better contextualise the questions, and structurally formulate answers in their own words (Dedousis- Wallace et al. 2014; Vogt and Rogalla 2009 ). Vogt and Rogalla (2009) , for example, used video tests to measures teachers' skills as an alternative to real-time observation. In this way, all participants received the same (standardised) test and their answers could be registered immediately. Field notes might be subject to bias as they cannot reflect every spoken word and depend upon the recorders' accuracy to capture the addressed topics (Levine and Marcus 2010) . Real-time classroom of video observations is advantageous on the one hand, as they provide direct measures of teachers' changes in instruction, offer rich data to capture complex interactions (Bakkenes, Vermunt, and Wubbels 2010) and might give more insights into possible explanations for particular findings (James and McCormick 2009 ). However, they mostly require intensive scoring and analysis, and privacy and confidentiality issues must be addressed (Bakkenes, Vermunt, and Wubbels 2010) . Using (video) observations can be an invasive method that only a small number of teachers might be willing to undergo as they might feel anxious or stressed when being observed (Kiemer et al. 2015; Liu 2013) or behave differently simply because they are being observed (Liang 2015; Merrett 2006) . Second, authors have underlined the importance of using multiple measures and informants for different evaluation components to map the effectiveness of PDI. In view of the importance of this data triangulation, it was encouraging to find that many researchers already draw on both quantitative and qualitative results from multiple data sources (e.g. Abuhmaid 2011; Dedousis- Wallace et al. 2014; Kiemer et al. 2015; Morrison 2014; Wasik and Hindman 2011) . By applying these diverse measures, some authors were able to detect contrasting findings (Lee et al. 2004; Mikami et al. 2011 ). For example, Lee et al. (2004) found a discrepancy between teachers' perceptions of their improved science knowledge and practice (as indicated in questionnaires and interviews) and the lack of significant change in their actual practices (as evidenced in the classroom observations). They ascribe this to the fact that effective practices might require more than strong beliefs, but need deep and robust knowledge of subject matter content and content-specific teaching strategies. From classroom observations, Mikami et al. (2011) observed positive effects from a PDI on students' peer relationships. This positive peer interaction pattern, however, was not shown in students' self-report data. By combining different data sources, these discrepancies were identified and possible intermediating factors could be identified. Further, Muijs and Lindsay (2008) found a relationship between levels of evaluation (cf. Guskey's level of evaluation, see Table 1 ) employed and evaluation methods used. More specifically, schools that appear to evaluate (continuous) professional development at more levels appear more sophisticated in the use of multiple research methods. Additionally, in studies included in our analysis in which relationships were considered between PDI and several teacher and student outcomes, a more varied pallet of both qualitative and quantitative outcome measures was applied (e.g. Buczynski and Hansen 2010; Wasik and Hindman 2011) .
Conclusion and discussion
Current study
This study focused on two specific research aims: (1) providing an extended evaluative framework for PDI and (2) overviewing currently used methods and measurement instruments to measure these PDI outcomes. By means of a systematic narrative synthesis whereby studies were selected based on five important quality criteria (see method section), Desimone's (2009) model of professional development was extended with diverse subcomponents to be investigated in PDI evaluation (Figure 1 ). For example, Desimone's (2009) five features of the intervention were extended to nine crucial features. In addition, 'teacher quality' , 'teacher instruction' , 'learning outcomes' , 'contextual factors' and 'personal charactistics' were further extended. In this respect, this study adds to the literature as, to date, no such extended framework was available to more directly guide researchers and practitioners in the evaluation of PDI. Furthermore, this study addresses an important limitation in previous literature as it unites views on important components in PDI evaluation (Desimone 2009 ) and evaluation models and methods of professional development (Guskey 2000 (Guskey , 2014 . As to the second research aim, each component is linked with possible measurement instruments. It is acknowledged that evaluators of PDI might not be able to evaluate each one of the (sub)components presented in the framework as this requires extensive resources. However, the framework provides an overall view on potentially important components and guides evaluators to purposefully decide on the (sub)components to be investigated. It informs them as to where possible unintended consequences might turn up and links this with other components in the extended framework. Further, this model wants to stress the intertwining of components and recursive, interactive relationships between the components (Desimone 2009; Levenson and Gal 2013) and the cyclical nature of PDI evaluation (King 2014; Opfer and Pedder 2011) , in contrast with Guskey's (2000 Guskey's ( , 2014 hierarchical levels of evaluation.
Limitations and implications for research and practice
To conclude, some limitations of the study are addressed and presented together with implications for educational researchers and developers of professional development.
For educational researchers, it could be noticed that only few researchers theoretically frame their research within an overall evaluative framework. Therefore, a first recommendation is to use the extended evaluative framework proposed in this study in future empirical work (e.g. research articles, dissertations and/or educational reports) for theoretically introducing the evaluation of PDI, reporting on results and discussing the effectiveness of the specific PDI under investigation. More particularly, research questions could be operationalised according to the specified subcategories of the five general components in the framework (Figure 2 ). When using this common theoretical base, comparability between different studies will be facilitated. Second, in line with Ingvarson, Meiers, and Beavis (2005) and Desimone (2009), we underline the importance of documenting more extensively on used methodology and measurement instruments. Many articles lack the inclusion of complete measurement instruments or coding schemes in their appendices. Therefore, educational researchers are asked to include transparent descriptions of data collection, analysis and measurement instruments used and reliability of the measurement instruments when documenting PDI research. This would provide educational researchers and developers of PDI user-friendly and evidence-based material to be implemented in future PDI (research) across different designs. More explicit reflections on the strengths and weaknesses of the applied measurement instruments should be provided. In this way, others can informatively decide on the appropriateness of including these specific instruments into their own PDI and/or research. This could lead to an ongoing instrument refinement across a variety of classroom settings. Third, educational researchers are encouraged to continue to unravel the (sub) components included in the extended framework. Although a search strategy was applied to yield as many studies as possible, particular studies might have slipped through the net and might therefore not be included into our review. As already mentioned, more research is warranted concerning several elements integrated into the extended framework. For example, the role of professional identity in teachers' professional development (Beijaard, Meijer, and Verloop 2004) . Although specific components of teachers' professional identity have been identified in our analysis (e.g. teachers' self-efficacy as part of quality of the teacher [Morrison 2014; ] ), no results were yielded concerning impact studies investigating influences of PDI on teachers' professional identity as a whole. Future research could also investigate in greater depth the role of contextual factors (e.g. principal supportiveness [Supovitz and Turner 2000] ; commitment of the school administration to the PDI [Voerman et al. 2015] ), teacher characteristics (e.g. teachers work load or incentives to undertake PDI [Abuhmaid 2011] ) and student characteristics (e.g. self-concept ) that might influence the effectiveness of PDI. In line with Antoniou and Kyriakides (2013) , stronger links in future research should be made between PDI research and educational effectiveness research (ERR) to establish an effective approach to teacher PDI and to further unravel the relationship between effective PDI features, changes in teacher quality, instruction and student outcomes. Furthermore, the framework is based on PDI in formal education. Future research might also include PDI for other target groups such as teachers in adult education and university professors (Roblin and Margalef 2013) or focus on new forms of professional development such as technology-related and online professional development (Smith and Sivo 2012; Walker et al. 2012) . Research into these new forms of PDI might possibly yield additional subcomponents for investigation.
As to the developers (and evaluators) of PDI, this extended framework represents a starting point when developing and evaluating PDI. In this respect, Guskey (2000 Guskey ( , 2014 proposes a 'planning backwards' approach which starts with identifying efforts that have produced demonstrable evidence of success. Inspired by his suggestion and our own research findings, we suggest a seven-step approach to a focused and systematic evaluation of PDI.
Prior the start of the PDI, three major steps should be taken into account. First, to set up realistic expectations, it is important to consider in which way the PDI meets the effective PDI features as specified in Figure 1 (step 1) . In a second step, the extended framework can be used as a starting point to identify the aspired outcomes on various subcomponents in teacher quality, change in instruction and student outcomes. It is important to define clear and measurable objectives (Linn et al. 2010) for both expected and unexpected outcomes. It is also important to consider what might impede the implementation of certain aspects in the PD as this might help the planning, offering and follow-up of the intervention (Morrison 2014) (step 2). In a third step, both quantitative and qualitative research instruments can be identified for each (sub)component with a view to integrating the results obtained with these different measures into a holistic picture (James and McCormick 2009) (step 3). In search of appropriate measures, it might be interesting for designers of professional development to conduct a pilot study to check clarity, instruction and lay out of the measurement instruments (Abuhmaid 2011) . For instance, Abuhmaid (2011) found that open-ended items were generally left unanswered, which led to reformatting the open-ended items to become clearly structured, easier and faster to complete (or items requiring rewording).
During the intervention, a fourth step in the focused and systematic evaluation is data collection on the outcome measures specified in step 2 with the instruments identified in step 3. Additionally, a feasibility study can be conducted to verify whether changes in outcome measures are due to critical PDI features (step 4).
After the PDI, data collection can continue by gathering data shortly after the PDI on the one hand and after a longer period of time on the other hand (step 5). In this respect, an important aspect in the evaluation of PDI is its sustainability in time and the generativity of the PDI. The importance of a long-term evaluation is a research challenge addressed by many researchers (Avalos 2011; Franke et al. 2001; Lee et al. 2004; Morge, Toczek, and Chakroun 2010; Muijs and Lindsay 2008; Schachter 2015) . For instance, Antoniou and Kyriakides (2013) did not find any improvement or decline of the PDI after one year. In contrast, Franke et al. (2001) did find some effects four years after the professional development ended. A long-term evaluation makes it possible to more surely conclude that change actually took place (Morge, Toczek, and Chakroun 2010) , and that the PDI persists in the complex day-to-day practice after the PDI is finished (Ponte et al. 2004) . Further, some effects might only be able to be traced after longer periods of time, such as effects on pupils (Muijs and Lindsay 2008) . A sixth step involves data analysis and interpretation of the results. Here, it is important to reconsider all effective PDI features and aspired outcomes defined in steps 1 and 2 (step 6). In a seventh and final step, a general PDI evaluation can be made, reconsidering the overall effects in relation to the effective PDI features and used (the advantages and disadvantages) measurement instruments (step 7).
To undertake this evaluation in a focused and systematic way, collaboration and partnerships with (social) scientists in setting up and evaluating professional development might be highly advisable, for instance, for transferring specific content knowledge or teaching practices to teachers (e.g. Morrison 2014; Willemse et al. 2015) and also to conduct the more intensive and complex data analysis techniques in step 6 regarding psychometric testing and scaling, research design, analysis and information dissemination (Avalos 2011; Stake 1967) . It might also help (a) to implement more quasiexperimental designs to compare different PDI and develop the most effective one in a particular context (e.g. McCutchen et al. 2002; Saxe, Gearhart, and Nasir 2001; Van Keer and Verhaeghe 2005) , (b) to compare multiple data-sets, indicating consistency across contexts (Wallace 2009 ) and (c) to narrow the research-practice gap where teachers have more access to and understanding of empirical research findings on the evaluation of PDI (Earley and Porritt 2014) .
To conclude, this study addressed an important conceptual and methodological challenge in the evaluation of PDI. More particularly, an extended evaluative framework is proposed for the focused and systematic evaluation of PDI by mapping the outcomes that can be evaluated (focused) by means of particular measurement instruments (systematic). The extended framework and the seven-step approach for the evaluation of PDI can be used by developers and evaluators of PDI and educational researchers.
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